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AbstrAct
Objective To determine the association between 
drinking water quality and rates of type 1 diabetes in the 
Newfoundland and Labrador (NL) population, which has 
one of the highest incidences of type 1 diabetes reported 
globally.
Research design and methods The study used a 
community-based, case-control design. We first calculated 
incidence rates of type 1 diabetes at the provincial, 
regional and community levels. The connection between 
incidence rates and components in public water supplies 
were then analyzed in three ways: to evaluate differences 
in water quality between communities with and without 
incident cases of type 1 diabetes, and to analyze the 
relationship between water quality and incidence rates of 
type 1 diabetes at both the community and regional levels.
Results The provincial incidence of type 1 diabetes was 
51.7/100 000 (0-14 year age group) for the period studied. 
In the community-based analysis, there were significant 
associations found between higher concentrations of 
arsenic (β=0.268, P=0.013) and fluoride (β=0.202, 
P=0.005) in drinking water and higher incidence of type 
1 diabetes. In the regional analysis, barium (β=−0.478, 
P=0.009) and nickel (β=−0.354, P=0.050) concentrations 
were negatively associated with incidence of type 1 
diabetes.
Conclusions We confirmed the high incidence of type 1 
diabetes in NL. We also found that concentrations of some 
components in drinking water were associated with higher 
incidence of type 1 diabetes, but no component was found 
to have a significant association across the three different 
levels of analysis performed.

InTROduCTIOn
Previous studies have identified drinking water 
quality and compounds found in drinking 
water as potential environmental risk factors 
for the development of type 1 diabetes.1 
High levels of mercury, arsenic and acidity 
(low pH) of water have been previously asso-
ciated with an increased incidence of type 1 
diabetes.1–4 Park et al5 found that total urinary 
arsenic was associated with insulin sensitivity 
but not β-cell function measures, suggesting 
that low-level arsenic exposure may influence 

diabetes risk through impairing insulin sensi-
tivity in adults. 

The potential toxic effects of nitrate-ni-
trite-nitrosamine on β cells function have 
remained a controversial issue over the 
past two decades.6 Parslow et al2 in the UK, 
Kostraba et al7 in the USA and Moltcha-
nova et al8 in Finland reported that the 
incidence of type 1 diabetes was positively 
associated with high nitrate levels in drinking 
water. They suggested that low-level nitrate 
exposure through drinking water may play 
a role in the etiology of type 1 diabetes, 
perhaps as a promoter through the gener-
ation of free radicals. In contrast, other 
studies have concluded that there is a lack 
of convincing evidence that nitrate levels in 
drinking water are a risk factor for childhood 
type 1 diabetes.9–11

significance of this study

What is already known about this subject?
 ► There is debate about the role that water quality 
has on incidence rates of type 1 diabetes.

 ► Newfoundland and Labrador (NL) has one of the 
highest reported incidences of type 1 diabetes 
worldwide.

What are the new findings?
 ► Some drinking water components were associated 
with higher rates of type 1 diabetes in NL.

 ► No component was found to have a statistically 
significant association across all of the analysis 
conducted.

How might these results change the focus of 
research or clinical practice?

 ► This study adds new data concerning the role water 
quality has on rates of type1 diabetes.

 ► It also highlights particular water components that 
should be the focus of future research.
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Figure 1 Map of Newfoundland and Labrador.
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The data from other ecological studies suggest that 
the incidence rate of type 1 diabetes is significantly 
lower when the concentrations of zinc and magne-
sium in the domestic drinking water are in the range 
22.27–27.00 mg/L (incidence rate ratio (IRR) 0.76; 
95% CI 0.59 to 0.97) and >2.61 mg/L (IRR 0.72; 95% CI 
0.58 to 0.91).12–14 It has been also suggested that zinc, 
magnesium, calcium, chromium and to some extent 
copper, have a protective effect against developing type 
1 diabetes.11 12 15 16 Zinc is involved in cellular antioxida-
tive defense and mostly found in the secretory vesicles of 
β-cells in the pancreatic islets. Magnesium is an essential 
cofactor helping insulin to bind to the insulin receptor. 
Therefore, lower serum zinc and magnesium are signifi-
cantly associated with type 1 diabetes .17 While all of these 
studies point to a possible connection to various elements 
found in water, the impact of water quality on the inci-
dence of type 1 diabetes is still inconclusive .18

The Canadian province of Newfoundland and 
Labrador (NL) is a well-suited location to study environ-
mental triggers associated with type 1 diabetes (figure 1). 
The province has a distinctive geography, and a stable 
population in terms of its size and geographic distribu-
tion during the study period. NL has the second highest 
incidence rate of type 1 diabetes globally, after Finland 
(in 2011 with 57.6/100 000; 0 to 14 yearage group).19 For 
the period between 1987 and 2005, the incidence of type 
1 diabetes in the NL population was 35.08/100 000 (95% 
CI 32.54 to 37.62), with a steady increase in rates over this 
time period.20 For 2007–2010, the incidence rose over 
to 49.9/100 000 (95% CI 42.2 to 57.6).21 The incidence 
increased significantly in all age groups, with the highest 
rates of type 1 diabetes in the 2007–2010 period for ages 
5–9 (IRR 59.1; 95% CI 45.0 to 76.3).21 NL also demon-
strates significant geographical variations in incidence 

rates of type 1 diabetes, with some areas having half the 
incidence rate as compared with other regions.

Approximately 70% of the provincial population has 
access to publicly supplied water.22 The NL Depart-
ment of Environment and Climate Change23 provides 
regular water quality monitoring and public reporting 
for all public water sources.24 Public water supply systems 
treat water to ensure it is free from any microbiological 
contamination and measures 39 chemical and physical 
parameters of the Guidelines for Canadian Drinking 
Water Quality.25 Using longitudinal data on both inci-
dence rates of type 1 diabetes and the components iden-
tified in the testing of public water supply, we sought to 
explore the relationship between various components 
found in drinking water and the development of child-
hood-onset type 1 diabetes.

MeTHOds
The Water Resources Management Division of the Provin-
cial Department of Environment and Climate Change25 26 
systematically collects and analyzes water samples from 
all publicly sourced water since 2000. The water variables 
captured include water pH, ammonia, nitrates, nitrites, 
nitrogen, phosphorous, aluminum, antimony, arsenic, 
barium, cadmium, chromium, copper, iron, lead, magne-
sium, manganese, mercury, nickel, selenium, uranium 
and zinc.25 Cases of type 1 diabetes were identified using 
the Newfoundland and Labrador Pediatric Diabetes 
Database (NLPDD), maintained by the Janeway Pediatric 
Research Unit. This database contains data on all cases of 
type 1 diabetes diagnosed in children from 1987 to 2012. 
Classification and case definitions of type 1 diabetes are 
described elsewhere.20 21

This study used a community-based, case-control 
design. Communities were included in the analysis if 
they had a single public water supply which was moni-
tored by the Provincial Department of Environment and 
Climate Change;, had at least 12 water quality measure-
ments taken between January 2000 and December 2012, 
and had community-specific data reported by Statistics 
Canada, which was used to abstract community popula-
tion data for the study period. Water quality data for each 
community was averaged over the sampling period to 
produce one representative value for each indicator. The 
water components and characteristics used in the anal-
yses are presented in table 1. Cases of type 1 diabetes were 
assigned to communities based on self-reported place of 
residence at time of diagnosis, and included only cases 
diagnosed during the study period. Cases occurring in 
communities not supplied by public water were excluded 
from the analyses.

The data were analyzed in three ways. We first 
compared communities with at least one case of type 
1 diabetes with communities that had no cases type 1 
diabetes during the study period, using an analysis of vari-
ance (ANOVA). We then carried out regression analysis 
of community-level incidence and water quality for each 
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Table 1 Water quality indicator levels between 
communities reporting cases of type 1 diabetes during the 
study period and those reporting none

Water quality indicator

One-way ANOVA analyses

F value P value
statistically
 significant

Nutrients and  metals 

  Ammonia 7.65 0.006 ∗

  DOC 3.80 0.052

  Nitrate (nitrite) 1.78 0.183

  Kjeldahl nitrogen 1.14 0.287

  Total
  phosphorus

0.64 0.426

  Aluminum 0.02 0.886

  Antimony 1.62 0.204

  Arsenic 1.82 0.178

  Barium 4.57 0.033 *

  Cadmium 0.22 0.637

  Chromium 0.60 0.438

  Copper 4.94 0.027 *

  Iron 1.03 0.309

  Lead 4.71 0.031 *

  Magnesium 6.85 0.009 *

  Manganese 1.69 0.195

  Mercury 0.89 0.345

  Nickel 0.38 0.537

  Selenium 2.82 0.094

  Uranium 4.24 0.040 *

  Zinc 3.16 0.076 *

Physical parameters and 
major ions

  Alkalinity 6.43 0.012 *

  Color 9.55 0.002 *

  Conductivity 7.74 0.006 *

  Hardness 6.78 0.010 *

  pH 1.73 0.189

  Total dissolved 
  solids

7.61 0.006 *

  TSS 1.20 0.275

  Turbidity 4.07 0.044 *

  Boron 0.63 0.428

  Bromide 1.30 0.255

  Calcium 5.86 0.016 *

  Chloride 4.26 0.040 *

  Fluoride 0.52 0.470

  Potassium 4.35 0.038 *

  Sodium 4.63 0.032 *

  Sulfate 0.64 0.425

*One-way ANOVA; significant difference defined at P<0.05.
ANOVA, analysis of variance; DOC, dissolved organic content; TSS, 
total suspended solids. 

Figure 2 Included communities at different levels of 
analysis.
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specific community. Average type 1 diabetes incidence 
rates (number of new cases per year/100 000 people) 
were determined for each community using the average 

population of children aged 0–14 years during the study 
period.27 28 Recognizing the issues around analyzing inci-
dence in small communities, we also constructed regional 
levels of incidence and water quality based on Canadian 
subcensus regions, of which there are 79 in the province. 
All 378 communities with sufficient water quality data 
were included for regional analyses using census consol-
idated subdivisions (CCS). The total population of chil-
dren (aged 0–14 years) serviced by public water sources 
was calculated for each of the 89 CCS represented in the 
database. Water quality indicator levels for each commu-
nity were then weighted according the percentage of that 
population represented. Incidence rates and weighted 
water quality data were aggregated according to CCS for 
regional analysis. The regional incidence rates for each 
CCS averaged 47.4/100 000 (±54.3 SD) and ranged from 
0 to 267.6/100 000. Prior to aggregation, water quality 
indicators were weighted according to the proportion of 
regional population serviced. Type 1 diabetes incidence 
rates used in these analyses are among children living 
in communities serviced by public water supplies within 
each region, rather than the total incidence rate for the 
region. All of the analysis was carried out using IBM SPSS 
Software, V.22.

ResulTs
Water quality data for 411 municipalities was available 
through the Department of the Environment, Govern-
ment of NL. Thirty-three communities were excluded for 
having insufficient water quality data (<12 water quality 
measurements during the study period), resulting in 
a total of 378 communities available for preliminary 
and regional-level analyses. Of them, 138 communi-
ties were excluded for having insufficient population 
data, resulting in a total 240 communities included into 
community-level analyses (figure 2).

The NLPDD contained 499 cases of childhood diabetes 
during the study period between 2001 and 2012. Based 
on an average population of 80 403 children aged 
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Table 2 Linear regression analyses of water quality 
indicator levels and type 1 diabetes incidence rate at both 
community and regional levels

Water quality 
indicator

Community level Regional level

Linear regression Linear regression 

β P value β P value

Nutrients and 
metals 

  Ammonia 0.010 0.901 −0.044 0.758

  DOC −0.094 0.496 −0.162 0.589

  Nitrate(ite) −0.015 0.868 0.319 0.094

  Kjeldahl nitrogen −0.146 0.220 0.061 0.825

  Total phosphorus 0.095 0.214 0.047 0.797

  Aluminum 0.014 0.868 −0.022 0.875

  Antimony −0.166 0.143 0.089 0.525

  Arsenic 0.268 0.013* −0.173 0.458

  Barium 0.020 0.860 −0.478 0.009*

  Cadmium 0.005 0.975 1.252 0.138

  Chromium 0.040 0.677 0.212 0.524

  Copper −0.157 0.061 −0.139 0.502

  Iron 0.159 0.137 0.025 0.904

  Lead 0.119 0.243 −0.031 0.853

  Magnesium −0.031 0.719 0.083 0.606

  Manganese 0.001 0.989 0.098 0.488

  Mercury 0.081 0.590 −0.974 0.251

  Nickel 0.043 0.585 −0.354 0.050*

  Selenium 0.007 0.963 −0.021 0.961

  Uranium −0.231 0.056 −0.191 0.328

  Zinc −0.029 0.776 −0.130 0.558

Major ions

  Boron 0.216 0.109 −0.176 0.480

  Bromide −0.015 0.860 0.038 0.860

  Calcium −0.560 0.116 0.046 0.740

  Chloride 1.255 0.082 0.202 0.310

  Fluoride 0.202 0.005* 0.177 0.325

  Potassium −0.133 0.287 −0.185 0.232

  Sodium −0.319 0.384 −0.165 0.452

  Sulfate 0.964 0.076 0.107 0.490

*Statistically significant P<0.05.
DOC, dissolved organic carbon.

Epidemiology/Health Services Research

0–14 years,27 28 an incident rate of 51.7/100 000 was deter-
mined for the province during the study period. Of those 
499 cases with type 1 diabetes, 434 (87%) occurred in 114 
communities serviced by public water supplies, while the 
remaining communities serviced by public water supplies 
reporting no cases of type 1 diabetes during the study 
period. Among the 240 communities with population data, 
a total of 409 cases were identified in 95 communities. The 
individual incidence rates in those communities reporting 
at least one case of type 1 diabetes during the study period 
averaged 154.1/100 000 (±175.2 SD) and ranged from 16.2 
to 1282.1/100 000. The large variation is due to the fact 
that many of the communities included have small popu-
lations, and therefore incidence rates can be substantially 
impacted by the addition of a small number of cases.

One-way ANOVA was used to independently compare 
water quality indicators between communities that 
reported at least one case of type 1 diabetes during the 
study and those that reported none (table 1). This analysis 
identified a number of indicators that were significantly 
different between these two groups. The concentration 
of water nutrients and metals such as ammonia, barium, 
copper, lead, magnesium, uranium and zinc was signifi-
cantly higher in communities that reported incident 
cases of type 1 diabetes. The water levels of physical 
parameters and major ions were also significantly higher 
in those communities. The compared parameters and 
ions included levels of the water alkalinity, color, elec-
trical conductivity, hardness, total dissolved solids (TDS), 
turbidity, calcium, chloride, potassium and sodium.

Regression analysis was used to assess potential relation-
ship between water quality indicator levels and incidence 
rate in the 240 communities with specific population data 
available. Analysis of nutrients and metals at communi-
ty-level indicated that arsenic level (β=0.268, P=0.013) 
was positively associated with type 1 diabetes incidence 
rate. Analysis of major ions at the same level indicated 
that fluoride level (β=0.202, P=0.005) was also positively 
associated with type 1 diabetes incidence rate and overall 
model fit was R2=0.10 (table 2).

Regression analysis was also carried out at a regional 
level using data aggregated to the CCS level. Analysis of 
nutrients and metals indicated that barium (β=−0.478, 
P=0.009) and nickel (β=−0.354, P=0.050) levels were 
negatively associated with type 1 diabetes incidence rate. 
Overall model fit was R2=0.21. Analysis of major ions did 
not indicate any significant associations (table 2).

COnClusIOns
This case-control study is the first epidemiological study 
investigating relationship between water quality indi-
cator levels and incidence rate of childhood-onset type 
1 diabetes in NL. We confirmed the high incidence of 
type 1 diabetes within this population. When comparing 
communities that had cases with and without cases of 
diabetes, we found that concentration of water nutri-
ents and metals such as ammonia, barium, copper, lead, 

magnesium, uranium and zinc was significantly higher 
in communities that reported incident cases of type 1 
diabetes. The water levels of physical parameters and 
major ions were also significantly higher in those commu-
nities, including alkalinity, color, electrical conductivity, 
hardness, TDS, turbidity, calcium, chloride, potassium 
and sodium. We also found in the community-based anal-
ysis that there were significant associations found between 
higher concentrations of arsenic (β=0.268, P=0.013) 
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and fluoride (β=0.202, P=0.005) in drinking water and 
higher incidence of type 1 diabetes. In the regional anal-
ysis, barium (β=−0.478, P=0.009) and nickel (β=−0.354, 
P=0.050) concentrations were negatively associated with 
type 1 diabetes incidence.

It is also important to note that no component was 
found to have a significant association across the three 
different levels of analysis performed. Part of the issue 
that we tried to address in adopting these different levels 
of analysis was how best to test the association between 
the incidence of type 1 diabetes and water quality over 
a rural and fairly sparely populated area. Because of the 
availability of data, we were able to take a broad approach 
to the components that could potentially be associated 
with the incidence of type 1 diabetes. These different 
levels of analysis serve then as a sensitivity analysis of sorts. 
If any component was significantly associated across all 
three ways of analyzing the data, it would have made for 
a stronger case for a wider association with that element 
in the water supply. In this regard, in neither level of 
analysis were nitrates associated with an increased level 
of incidence, which may lend support to those who previ-
ously found that they are not a risk factor for childhood 
type 1 diabetes.9–11

Our finding that at the community level that arsenic 
is associated with type 1 diabetes is interesting. A 
meta-analysis of data from 17 published articles with 
over 2 million participants found that arsenic in drinking 
water and in urine was associated with both type 1 and 
type 2 diabete, with a 13% increased risk for every 100 µg 
arsenic/L in drinking water.29 Arsenic exposure affects 
both the progression of diabetes and its complications 
and is linked to lower insulin secretion by β cells.30 31 
Arsenic metabolism was associated with poorer average 
blood glucose control,32 albuminuria (protein in the 
urine),33 kidney disease,33 hypertension and cardiovas-
cular events in people with diabetes.34 35 Evidence from 
several studies support the consideration of arsenic in 
the pathogenesis of type 1 diabetes.5 36 Organic arsenic 
compounds are much less toxic than the inorganic 
forms, which are the predominant forms in surface and 
groundwater reservoirs.37 38 After absorption of inorganic 
arsenic, it is methylated, primarily in the liver, to form 
monomethylated and dimethylated arsenic compounds, 
that is, monomethylarsonate (MMA) and dimethylar-
sinate (DMA), and eventually they are excreted into 
the urine together with inorganic arsenic.39 A recent 
SEARCH-CC study40 41 in the USA shows that high levels 
of MMA and DMA were associated with higher odds 
of type 1 diabetes mellitus, with one-carbon metabo-
lism biomarkers like folate levels.42 Several locations in 
Alberta, British Columbia, Manitoba, New Brunswick, 
Nova Scotia, Newfoundland and Labrador, Quebec and 
Saskatchewan have localized elevations of arsenic or ‘hot 
spots’ with >10 µg/L in drinking water.42 Data obtained 
from the NL Department of Environment and Conserva-
tion revealed that 49 out of 52 sources of drinking water 

from domestic wells were exceeding the 10 µg/L arsenic 
limit.43

Fluegge44 used mathematical models in 2016 to analyze 
data on fluoride levels in water and rates of diabetes in 
22 US states. The data revealed that a 1 mg increase in 
added fluoride was associated with a 0.17% increase in 
age-adjusted diabetes prevalence, even after adjusting for 
other diabetes risk factors like obesity and physical inac-
tivity. He stated that his models looked at the outcomes 
of diabetes incidence and prevalence being predicted by 
both natural and added fluoride.

We found that presence of metals such as barium 
(P=0.009) and nickel (P=0.050) in the drinking water 
showed a negative association with the incidence rates of 
type 1 diabetes. Evidence from other studies appears to 
be variably consistent and conflicting with our findings. 
The study by Valera et al45 has revealed significant positive 
correlations between barium and diabetes and negative 
correlations shown by nickel. Samuelsson et al1 found that 
the incidence for type 1 diabetes increased in areas with 
low levels of barium oxide (<10th percentile) in water both 
at diagnosis and at the time of birth. Both type 1 diabetes 
and type 2 diabetes were found to be associated with nickel 
(P<0.001) deficiency in the study by Forte et al.16

Epidemiological research to date in NL has explored 
other potential contributing factors to explain the 
high incidence of type 1 diabetes mellitus. Genetic 
factors due to low interprovincial migration rates and 
founder effects46 47 are hypothesized; however, the 
rising incidence over a relatively short period suggests 
environmental factors may be influencing the increase 
in a genetically at-risk population.21 Perinatal factors 
exist such as low breastfeeding rates, high cesarean 
section rates and infants born large for gestational 
age.48 49 Vitamin D insufficiency and high rates of child-
hood obesity are documented in the population.50–53 NL 
has a northern latitude and erythemal ultraviolet B radia-
tion may be geospatially associated with the incidence of 
type 1 diabetes  mellitus.54 55

Although the sources from which data were taken are 
reliable, we are aware of the limitations that our study may 
present. The water quality data are only applicable to those 
who have access to public sources water. It is possible that 
within communities with public service for water that some 
residents actually do not have public access. We cannot 
determine whether the water testing was in all case was 
done on source water or tap water, which can impact the 
components identified in the water. We do not know to 
what extent people included in the data actually consumed 
or how much water they consumed; nor do we know how 
much was consumed either during pregnancy or early 
in life. We do not know the nature of filters used by indi-
vidual houses and the habit of drinking bottled water, even 
having potable public water supply. We used an average 
of the testing results of water components in our analysis. 
While this method likely captures the effects of long-term 
exposures at a community level, it is not able to identify 
the effects the specific water quality had on each individual, 
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which could be due to variations in the water supply for 
a community over the study period. A case-control study 
design reveals associations, but does not establish causality. 
The associations we report cannot be considered cause and 
effect, although having been identified as statistically signif-
icant warrants further investigation.

There is accumulating evidence that drinking water 
ingredients maybe implicated in the environmental expo-
sures contributing to the pathogenesis and progression of 
type 1 diabetes. Newfoundland and Labrador has one of 
the highest reported incidences of type 1 diabetes world-
wide and the reasons for these high rates are unknown. 
The rates of type 1 diabetes are increasing in the province. 
More experimental and clinical research is needed to eluci-
date the role of drinking water compounds in the patho-
physiology of this serious disease.
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